Studies have shown that high levels of the fibrinogen (FIB) are related to cognitive deficits. However, the relationship between fibrinogen and cognitive deficit after stroke remains unclear. Therefore, we explored the relationship between plasma fibrinogen and post-stroke cognitive impairment (PSCI).
| INTRODUC TI ON
Post-stroke cognitive impairment (PSCI) is regarded as the most prevalent syndrome after stroke (Hachinski, 2007) , clinicians may pay little attention to cognitive deficits after stroke (McKevitt et al., 2011; Pollock, St George, Fenton, & Firkins, 2012) , which have a negative impact on executive functions and therefore influence the quality of life of these patients (Fride et al., 2015) . The prevalence of cognitive impairment after stroke ranges widely from 10% to 82% (Barbay, Diouf, Roussel, & Godefroy, 2018; Rasquin et al., 2004) , and approximately one-third of patients reported a significant decline of cognitive function within the first months after stroke (Levine et al., 2015) . The variety of prevalence depending primarily on the criteria used to define cognitive impairment, the time interval since stroke onset, the selected patient population (de Haan, Nys, & Van Zandvoort, 2006) , study setting (hospital-or population-based studies), stroke type (ischemic or hemorrhagic), the prevalence of prestroke dementia and recurrent stroke (Barbay et al., 2018; Merriman et al., 2019) . Generally, compared with somatic symptoms, cognitive impairments may not be obvious. However, due to the large number of patients, the public health burden may be heavier. Therefore, it is of great importance to identify factors that are related to cognitive impairment after stroke.
Fibrinogen (FIB) is a vital coagulation factor and an inactive precursor of fibrin (Tampubolon, 2016) . In addition to its role in coagulation, FIB plays an important part in systemic inflammation.
Fibrinogen levels may be higher in stroke patients compared with nonstroke patients (Zang et al., 2016) . High levels of fibrinogen can increase the risk of stroke and consequently induce a poorer outcome Pikija et al., 2016) . Studies showed that high levels of fibrinogen are related to brain atrophy, cognitive deficits, and Alzheimer's disease (AD) (Ahn et al., 2014; Tampubolon, 2016) , and elevated levels of FIB were also found in the cerebrospinal fluid (CSF) of AD patient (Vafadar-Isfahani et al., 2012) . Atticus H and colleagues reported that increased extravascular FIB may reduce the risk of dementia in individuals with no detectable white matter lesions, whereas extravascular FIB is harmful to cognitive function in individuals with histological lesions (Hainsworth et al., 2017 ).
Blood-brain barrier (BBB) dysfunction is likely a cause of cognitive impairment. After a stroke, the BBB is impaired, leading to an indiscriminate leakage of blood components, such as FIB, into the brain (Huber, 2008) . The deposition of FIB outside the brain vessels will eventually cause neurodegeneration of the central nervous system (CNS) (Cortes-Canteli, Zamolodchikov, Ahn, Strickland, & Norris, 2012) .
The relationship between plasma FIB and PSCI is unknown. Therefore, in this study, we explored the relationship between plasma FIB and the presence of PSCI.
| ME THODS

| Participants
Two hundred and ten patients with acute ischemic stroke in the First Thomas, 2015) and poor performance on MMSE (score ≤ 24). This score has a sensitivity of 80%-90% and a specificity of 80%-100% for the diagnosis of dementia (Tombaugh & McIntyre, 1992) . The severity of stroke was evaluated by experienced neurologists at the time of admission using the National Institutes of Health Stroke Scale (NIHSS). Functional outcome was assessed by the Barthel Index (BI) and the modified Rankin Scale (mRS) at discharge. Cranial magnetic resonance imaging (C-MRI) was performed on patients within 72 hr after admission. The lesion locations of acute stroke were recorded.
| Clinical evaluation
| Laboratory tests
The blood samples were analyzed as soon as possible at an independent laboratory blinded to the clinical and nervous system data at the First Affiliated Hospital of Wenzhou Medical University. We 
| Statistical analysis
The results were presented as the mean (standard deviation, SD) or median (interquartile range, IQR) for continuous variables and percentages for categorical variables. We also used the chi-squared test for proportions and used Student's t test, the Mann-Whitney U test, and Kruskal-Wallis H test, as appropriate. When Kruskal-Wallis H test showed significant differences between the groups, the Kruskal-Wallis H test was used to assess differences in twogroup comparisons. Bonferroni corrections were applied to each test to adjust for multiple testing. Additionally, the effect of FIB on the presence of PSCI was evaluated by binary logistic regression analysis including factors with p < .05 in the univariate analysis between groups. Results were shown as adjusted odds ratio (OR) (95% confidence interval, CI). The correlation between factors and 3-month MMSE scores was statistically identified by Spearman rank correlation coefficient. Furthermore, we used multiple linear regression analysis to evaluate the forecast value of different variables on MMSE scores. Statistical analysis was performed with SPSS software for Windows version 21.0 (SPSS Inc.). Findings of p < .05 (two-tailed) were regarded to be significantly different.
| RE SULTS
| Baseline characteristics of study samples
In this study, a total of 210 consecutively admitted patients with acute ischemic stroke were screened, and 161 individuals met the entry criteria and were admitted to the stroke unit. Twenty-seven patients were lost to follow-up. Complete data were obtained for 134 patients (Figure 1 ). The lost rate of follow-up was 16.8%. There was no difference in NIHSS scores between the patients included in the study and the patients lost to follow-up (2.5 [0-5.5] vs. 3 [0-9], Z = −1.067, p = .286). The clinical and demographic variables of the PSCI, non-PSCI patients and healthy control subjects were summarized in Table 1 , Figures 2 and 3. We analyzed the confounders in the binary logistic regression (Table 2; Figure 5 ). Furthermore, the relevance between the 3-month MMSE scores and baseline variables of the stroke patients is shown in Table 3 and Figure 4 , and we have made linear regression model between 3-month MMSE scores and variables of stroke patients (Table 4 ).
| Main findings
Of the 134 patients in the study sample, 45 (33.6%, 19 men, 26 women) were diagnosed with PSCI. We found a significant difference in fibrinogen between PSCI patients and non-PSCI patients In the binary logistic regression, the FIB levels and gender (female) were independently associated with the development of PSCI (OR 2.000, 95% CI 1.062-3.770 p = .032; OR 3.741, 95% CI 1.064-13.156 p = .04). More years of education and higher BMI were protective in cognitive function after stroke (OR 0.736, 95% CI 0.614-0.884, p = .001; OR 0.795, 95% CI 0.653-0.967, p = .022) ( Figure 5 ). However, other factors have no significant association with PSCI (Table 2 ). In addition, we also found that more years of education, higher BMI, history of hyperlipidemia, current smoking, and BI score were positively correlated with the 3-month MMSE scores (r = .612, p < .001; r = .195, p = .024; r = .231, p = .007; r = .272; p = .002; r = .178; p = .039), whereas variables, such as age, gender (female), mRS score, and FIB levels, were negatively correlated with the 3-month MMSE scores (r = −.268, p = .002; r = −.416 p < .001; r = −.300, p < .001; r = −.171, p = .048). We also found that the 3-month MMSE scores were not significantly correlated with coagulation variables, such as prothrombin time (PT), platelet count (Plt), and the International Normalized Ratio (INR). We also did not observe a significant correlation between 
| D ISCUSS I ON
In this study, we explored the relationship between plasma fibrinogen and post-stroke cognitive function. Our data showed that high levels of plasma fibrinogen were associated with the presence and the severity of PSCI, and FIB is independently associated with the presence of PSCI.
There is increasing evidence for the role of hemostatic factors, endothelial damage, and inflammatory mechanisms in the pathogen- Studies showed that high levels of the fibrinogen are related to brain atrophy, cognitive deficits, and Alzheimer's disease (AD) (Ahn et al.,
2014
; Gallacher et al., 2010; Tampubolon, 2016) . Excessive deposition of fibrin (fibrinogen) was found in the brain tissue and cerebral mice (Ahn et al., 2010; Paul, Strickland, & Melchor, 2007) . Moreover, disruption of the blood-brain barrier (BBB) is an important pathway in the cognitive decline of AD patients (Goldwaser, Acharya, Sarkar, Godsey, & Nagele, 2016) . The BBB plays a vital role in the generation and maintenance of chronic inflammation during AD. The BBB operates within the neurovascular unit (NVU), which includes clusters of glial cells, neurons, and pericytes. The NVU becomes dysfunctional in the pathology of AD, and each of its components may undergo functional changes that will eventually contribute to neuronal injury and cognitive deficit (Chakraborty, de Wit, van der Flier, & de Vries, 2017) . Under normal circumstances, FIB in plasma cannot penetrate into the CNS due to the BBB. However, when the BBB is destroyed, fibrin (fibrinogen) will leak from blood vessels and deposit in the CNS. The leaking FIB will bind to Aβ42, activate microglia, and eventually cause neurodegeneration of the CNS (Cortes-Canteli, Mattei, Richards, Norris, & Strickland, 2015; Cortes-Canteli et al., 2012; Ryu, Davalos, & Akassoglou, 2009; Schachtrup et al., 2010) .
Failure to clear Aβ42 in the CNS may be a cause of cognitive impairment after stroke. One study showed that fibrin clots can bind to Aβ42 in the CNS and form an abnormal structure that resists degradation by fibrinolytic enzymes. The binding between Aβ and fibrinogen is a more pathogenic form, which will worsen cognitive function. Reducing the levels of FIB pharmacologically or genetically led to the reduction of neurovascular pathology and inflammatory responses in mice (Ahn, Chen, Zamolodchikov, Norris, & Strickland, 2017; Cortes-Canteli et al., 2010) .
The activation of astrocytes may also be involved in the occurrence of cognitive impairment. Astrocytes repair brain tissue by forming glial scars after injury to the CNS but also inhibit axon regeneration (Fawcett & Asher, 1999; Silver & Miller, 2004) . In another study, fibrinogen mediated regulation of the TGF-beta receptor pathway in astrocytes. FIB activates astrocytes to secrete TGF-beta to neurons to inhibit neurite outgrowth, which will eventually result in cognitive dysfunction (Friedlander et al., 1994; Schachtrup et al., 2010) . In addition, in brain pathology, including ischemic stroke and AD, disruption of the BBB allows blood proteins to enter the brain, followed by edema and neuronal damage. Additionally, traumatic injuries can lead to destruction of the BBB and then lead to cognitive dysfunction (Hay, Johnson, Young, Smith, & Stewart, 2015) . The blood protein FIB leaks into the CNS immediately after disruption of the BBB (Adams, Passino, Sachs, Nuriel, & Akassoglou, 2004) . As a result, we hypothesize that elevated levels of plasma fibrinogen may damage cognitive function through the above mechanisms. Our study may provide insights for clinical treatment. Studies showed that defibrination therapy could improve the outcome after stroke (Atkinson, 1997; Izumi, Tsuda, Ichihara, Takahashi, & Matsuo, 1996) . Reducing the levels of FIB may be beneficial to cognitive function after stroke according to our results, whereas some studies showed FIB depleting agents delivered in acute ischemic stroke patients would increase the risk of bleeding events such as symptomatic intracranial hemorrhage (Hao et al., 2012; Hennerici et al., 2006; Levy et al., 2009 ). Thus, it is necessary that fibrinogen levels and other coagulation values should be carefully monitored and controlled during the whole therapy (Chen, Sun, Liu, Zhang, & Ren, 2018) .
TA B L E 3 Relevance between 3-month MMSE scores and baseline variables of the stroke patients
High-sensitivity C-reactive protein (HSCRP) and fibrinogen are markers of inflammation. Studies have shown that patients with dementia had higher CRP levels than controls (Mancinella et al., 2009) .
Currently, few studies focus on the relationship between PSCI and CRP (HSCRP). Some studies indicated that CRP (HSCRP) is an independent risk factor for PSCI (Alexandrova & Danovska, 2016; Rothenburg et al., 2010) . Studies have also shown that blocking the adhesion mechanisms controlling leukocyte-endothelial interactions can inhibit both Aβ deposition and tau hyperphosphorylation and eventually reduce memory loss in AD models (Chakraborty et al., 2017) . However, in our study, HSCRP is not an independent risk factor for PSCI. It is possible that inflammation is not the only pathway leading to cognitive impairment.
Other variables, such as more years of education, age, gender (female), and higher BMI, are also related to PSCI. One study in rural areas of northern China indicates that risk factors for cognitive deficits were female sex, low education, and central obesity . It is universally acknowledged that the education level has a significant impact on cognitive function (Rothenburg et al., 2010) . In addition, among older AD patients with rapid cognitive decline (RCD), females had significantly lower MMSE scores after adjusting for other variables (Chen et al., 2016) . Moreover, another study shows that female sex and lower education were associated with vascular cognitive impairment (VCI) in Chinese stroke patients TA B L E 4 Linear regression between 3-month MMSE scores and variables of stroke patients, adjusted R 2 = 0.416 (Mellon et al., 2015; Pendlebury, 2009; Tchalla et al., 2018) , which is consistent with our results. In China, females prefer not to exercise outdoors and always stay away from ultraviolet light (UV), which leads to lower serum vitamin D (Vit D) levels (Montagne et al., 2018; Wang, Zhu, Liu, Tu, & He, 2018) . A study also showed that low levels of serum Vit D are related to an accelerated decline in cognitive function in older adults (Miller et al., 2015) , which is consistent with our results.
In addition, we found that higher BMI (body mass index) is independently correlated with cognitive function after stroke. It has been shown that long-term intake of high-fat diets, even in the absence of obesity, leads to cognitive deficits (Cifre, Palou, & Oliver, 2018) . One study indicates that obesity may increase the risk for AD by twofold (Salas et al., 2018) , whereas other studies report that a higher BMI is associated with a lower risk of cognitive deficits (Bell et al., 2017; Cova et al., 2016) and that a lower BMI contributes to cognitive impairment (Mathys, Gholamrezaee, Henry, von Gunten, & Popp, 2017; Pilleron et al., 2015) . Another study showed that participants with a baseline BMI ≥ 25 kg/m 2 had significantly higher MMSE scores compared with participants with BMI < 25 kg/m 2 (Coin et al., 2012) . In mild cognitive impair- (Joo et al., 2018) . Moreover, Qizilbash N1 conducted a study in the UK and showed that underweight people had a higher risk of dementia, and the incidence of dementia continued to decrease when BMI increased (Qizilbash et al., 2015) , which is consistent with our study. Indicators of neurological function, such as the NIHSS score in the acute phase of stroke, also have an effect on cognitive function (Pasi, Salvadori, Poggesi, Inzitari, & Pantoni, 2013) , although there are also studies with the opposite conclusion (Gold et al., 2011) . A larger number of samples and more studies are needed to elucidate the possible mechanism.
In this study, there were some limitations. Firstly, we excluded the patients who were in a severe condition or with severe aphasia, which may lead to selection bias. Secondly, the sample size is not sufficiently large, although this is a new study, which may be significant for clinical practice. Thirdly, we only measured fibrinogen levels at the admission but not at the time that stroke onset and 3-month after stoke, and FIB levels may change a few months after stroke, which may also affect cognitive function. Forth, this is a close-cohort study and may not necessarily represent the population as a whole. Lastly, we only excluded patients with a history of severe dementia, and therefore, some patients with unperceived cognitive dysfunction before stroke may be included in the study.
In conclusion, we showed that among ischemic stroke patients, FIB is an independent risk factor for PSCI. High levels of plasma FIB are related to post-stoke cognitive deficits and that BMI is independently protective for cognitive function after stroke. Patients with a high level of FIB are more likely to develop PSCI at 3 months after stroke. Fibrin mechanisms and functions in nervous system pathology. Molecular Interventions, 4(3) , 163-176. Ahn, H., Chen, Z., Zamolodchikov, D., Norris, E., & Strickland, S. (2017) .
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